ABSTRACT A thin vein of a white powdery material situated in massive syenite was examined by various methods and found to consist of an association of a zeolite with calcium montmorillonite, which seems to have been formed by the slow but prolonged action of water on nepheline.
INTRODUCTION
A large lens composed chiefly of pyroxene-hornblende-nepheline syenite occurring in a hill 700 m high on the south coast of Stjernoy, a Norwegian off-shore island in latitude 70~ longitude 23~ is being exploited for its felspar-nepheline content, a potential flux for ceramic and glass manufacture. The lens, which lies on a syenite boss and is overlain by calcite, outcrops high on the north side of the hill, but to facilitate continuous working in this high latitude, .an adit has been driven into the deposit from the seaward side at 200 m above sea level. When the site was visited in August 1960, the adit had penetrated some 200 m into the hill, but had not reached the wall of the deposit. At about 150 m from the entrance, the tunnel passed through a thin vein (5-15 cm) of a wet whitish clay-like material incorporating hard dark-coloured residues from the original rock. This whitish material is the subject of this note.
EXPERIMENTAL
The dried material was extremely friable and the clay-size material could readily be separated from the unweathered residue by stirring in water and decanting off the suspension, after allowing the .coarse fragments to settle. Optical examination of the residue indicated the presence of a pyroxene, muscovite, nepheline (probably being attacked), biotite, and possibly an amphibole, together with a clay mineral adhering to some of the fragments.
The decanted material, which contained some biotite and muscovite, was examined:
(a) by chemical analysis; (b) by differential thermal analysis--as collected, and after treatment with sodium dithionite and hydrochloric acid; (c) by the IL/MA technique of Keeling (1958); (d) for cation-exchange capacity and exchangeable cations; (e) by X-ray powder diffraction; (f) by electron microscopy.
RESULTS
The chemical analysis (Table 1) is noteworthy for high lime, magnesia, and ignition loss coupled with a moderate alumina content, lower than would be expected for a siliceous sample of kaolinite but higher than is normal for montmorillonite. The differential thermal curve for the decanted material ( Fig. 1A) shows low-temperature endothermic peaks at 160~ 215~ and 340~ a further small endothermic peak at 510~ and larger ones between 650~ and 700~ and at about 830~ with an exothermic peak at about 980~ After treatment with sodium dithionite, followed by N hydrochloric acid, the material gave the differential thermal curve shown in Fig. 1B , on which the peaks at 215~ and 340~ have disappeared and a montmorillonite-type curve remains. Treatment of the acid/dithionite extract with ammonium hydroxide gave a copious white gelatinous precipitate of AI(OH)3, which suggested that the material associated with the montmorillonite might be an alumina hydrate.
D.A. HOLDRIDGE
A sample of the same material was examined at the Macaulay Institute, Aberdeen. It was found on dithionite treatment followed by more dilute (0.05N) hydrochloric acid that the mineral associated with the montmorillonite did not go into solution, nor did it dissolve in 5 per cent. sodium hydroxide solution; evidently, therefore, it is not an alumina hydrate (Mackenzie and Robertson, 1962) .
X-ray powder diffraction of the mixture gave some lines consistent with montmorillonite, notably the 9.44A line, and a line at 16-3 A for the glycol-saturated material; the electron microscope showed no recognizable crystal forms. At the Macaulay Institute, the associated mineral was separated by particle-size fractionation and examined by X-rays; although the results did not fit any specific zeolite precisely, the material that was relatively coarse-grained appeared to be zeolitic and close to natrolite. Because of the complexity of the zeolites, continuous series are possible, and several of the group give differential thermal peaks in the 300-400~ region (Koizumi, 1953) .
The Stjernoy mineral therefore seems to comprise a mixture of montmorillonite and a zeolite related to natrolite.
This conclusion is supported by evidence from the IL/MA and cation exchange tests. In the former, a low ignition loss after correcting for loss at 375~ coupled with a high moisture adsorption and an IL/MA ratio of 0-5 is indicative of the presence of montmorillonite, whilst the high loss at 375~ is consistent with the presence of a zeolite.
DISCUSSION
The cation-exchange results show only a trace of exchangeable alkali (Table 2 ) and if the alkalis are allowed for as natrolite (the potassium being given its sodium equivalent) the amount of zeolite About two-thirds of the calcium in the analysis can be assigned to exchangeable cations, so that some 1 per cent. is unaccounted for. This is certainly not present as calcite and may well occur in a detrital mineral carried over during decantation, or in the zeolite structure.
Comparison of the analysis with those listed by Ross and Hendricks suggests that the mineral falls into the montmorillonite-beidellite series, but, for so high a replacement of Si 4+ by A13+ in the tetrahedral position, the octahedral A13+ is perhaps higher than most examples given by them. Assuming a cation-exchange capacity for montmoriUonite of 100 m-eq/100g, the determined value of 89.2 suggests an approximate 10 per cent. contamination of montmorillonite with some other mineral or minerals. As seen above, calculation from the alkali content gives 11.5 per cent. for the zeolite, but the effect of this on the cation-exchange capacity is uncertain. Morey and Fournier (196l) have studied the decomposition of the minerals microcline, albite and nepheline in hot water. Their procedure was to pump water at 295~ and 2500 lb/inz pressure slowly over the minerals. Microcline was partly converted to muscovite at pH 7.9, albite was partly altered to a mixture of boehmite, paragonite and an amorphous material, again at pH 7.9, whereas nepheline yielded muscovite with minor analcime (a zeolite) at the exit end of the column with, mainly, boehmite at the entrance end. With nepheline, the pH was appreciably higher at 9.7 with a maximum value of 10-2. The authors found that the ratio of Na:K in the solutions leached from each mineral exceeded the corresponding ratio in the initial material.
The evidence of Morey and Fournier (1961) , therefore, indicates that at elevated temperature and pressure over a relatively short period of time (135 days) nepheline can be converted into, mainly, muscovite and boehmite. The Stjernoy mineral according to the optical microscope evidence seems to be derived largely from nepheline and may well be formed by slow aqueous attack at ambient temperatures and pressures. Its composition appears to be chiefly calcium montmorillonite and a zeolite near natrolite; the calcium could well be derived from the overlying rock which is partly calcite, although no direct evidence of calcite was observed in the sample; the magnesium in its turn probably originates in the ferromagnesian minerals present in the original rock itself. Morey and Fournier (1961) The removal of NazO and K20 in solution will imply a high pH for the leached solution, sufficiently alkaline to dissolve residual silica and possibly some alumina. At the temperature of their experiment boehmite would tend to be formed. If both silica and alumina were dissolved, a zeolite might also be formed.
At ambient temperatures, in the presence of magnesium, iron, and calcium ions that could be derived from the ferromagnesian minerals and calcite present, and silica from the alteration of felspars associated with the nepheline, the nepheline decomposition might proceed as follows: 3(K,Na)A1SiO4 + H20~(K,Na)A12(A1Si3)O 1 o(OH)2 + Na20 as in equation (1) natrolite (solution) Whether or not this mechanism is correct, the Stjernoy mineral offers an interesting natural parallel to the specialized artificial weathering studied by Morey and Fournier (1961) .
